address, was that the methods which we employ exercise an influence upon the internal secretory glands, and he brought forward a considerable mass of evidence in support of his theory. He did not, however, offer any explanation as to how and by what means these internal secretory glands 'Were influenced by such methods. I think the time has come when we can afford to venture a step further by suggesting that the means by which our results are produced are in some cases, at any rate, brought about by radio-activity. I Lancet, 1909 , ii, p. 1263 , and Proceedings, 1910 . MY-i In his recent report to the Bath Corporation on the subject of the radio-activity of the waters, Sir William Ramsay prefaced his remarks on the purely local aspect of the matter by a little explanation of the present position of our knowledge of radium. I feel sure that a good many members of this Section must be in a similar state of ignorance to that in which I unfortunately found myself, so I make no excuse for prefacing what I have to say by quoting briefly from Professor Ramsay's report. Radium is a very unstable element, continually changing into another body, also elementary. During this change it parts with helium, each atom of radium furnishing one atom of helium. Having shot out its particle of helium, the atom radium, Sir William Ramsay tells us, is no longer radium, but a gas to which he has given the name of niton, but which was first known by the cumbrous name of radium emanation. The potency of radium depends on its niton. There is not time to go into the life-history of niton, but I would refer those interested in the subject to the very clear account given by Sir William Ramsay in his "Report on the Mineral Water of Bath," copies of which I am able, by the courtesy of the Corporation of Bath, to distribute to-night. Suffice it to say that what is called the "half-period " of decay for niton is about four days, so that practically in about a month it is all changed. As its metamorphosis proceeds niton gives off certain solids named radium A, B, C, D, &c., and during the change of radium into niton B rays are evolved, and it is these which are used for therapeutical purposes.
While alpha rays-that is, atoms of helium-like other gases, can be confined in glass or metal vessels, beta rays pass through; the amount passing naturally depends on the thickness of the walls of the vessel. The alpha rays, for example, confined in a glass tube do not pass through the glass; the beta rays do pass through, and by interposing metal screens of foil of different thicknesses a greater or smaller quantity may be allowed to impinge on the skin. A third class of rays is also evolved during the emission of the beta rays which have been termed gainma rays. It is not decided as yet what is their true nature. They have great penetrative power; indeed, 3 in. thickness of metallic lead is not sufficient entirely to stop them. They, too, are sometimes employed for curative purposes. It is suggested that they more resemble rays of light; that they are not "matter," but waves in the ether which surrounds and interpenetrates all matter. The continuous dissolution of the element radium into other elementary states (for those of us whose chemical education dates back more years than we care to acknowledge) is not very easy to accept, but it suggests to me a comparison. It is a disintegratio ad integrum. Remembering the transformation of insects, we may say that the chrysalis radium, casting aside its inert shell helium, becomes the imago niton.
Another product found in mineral water is neon. In the gas given off by the Bath water it is present to the extent of 188 times as much as is contained in atmospheric air, an amount which Ramsay describes as astonishing. Neon is also supposed to be one of the products of radium, but possibly further investigations may show it to be one of the results of the disintregation of some other radium-like element which has not yet been discovered.
The radio-activity of all mineral waters exists only at the source, and such waters rapidly lose this quality. Nevertheless, it is possible by artificial means to render them permanently radio-active. Does the therapeutic potency of natural mineral water depend upon niton alone, or is the credit to be divided between it and the other, the chemical constituents-that is, with those constituents which we have till now endowed with the entire beneficence ? We are told that radio-active waters can be prepared by adding 1 mgrm. of radium sulphate to 1 litre of distilled water, which can then be used as a subcutaneous injection without harm. Is this artificial water as potent as natural radio-active water, or does it more quickly lose its acquired qualities? Can the radio-active water, as we find it in our springs, be used as a subcutaneous injection with advantage? These, as well as other questions, present themselves for our consideration. Such, for instance, as those connected with the statement that niton, although it has the power of rendering all substances radio-active, cannot itself, according to some authorities, be absorbed by the skin. If this were true it would seem that bathing, as far as any special benefit from the radio-activity was to be obtained, was at a great disadvantage. But a little more consideration modifies this view. In addition to the immediate relief which experience tells us occurs from mineral water baths, such, for instance, as increased mobility and lessened pain, the patient is in the best position for taking the full advantage from niton. The orifices of the body are soaked in it, and the surrounding air is more or less saturated; and thus when the patient is in the bath, with his nose and mouth just above the surface of the water, he must be most favourably situated to reap the benefits of the induced radio-activity. Moreover, contrary to the belief of those who say that niton cannot be absorbed by the skin, Professor Lazarus is of opinion that it can, and in this he is supported by Ramsay and others.
MY-la
In the administration of baths much longer periods of immersion seem to be called for, and I have no doubt that the custom of spending many hours in the bath, as is the custom at Leukerbad and other resorts, has a good deal to recommend it. The large public baths, as used there, however, seem to be inadvisable; and I cannot but think that the small bathroom, due regard being, of course, given to ventilation, is preferable. The probability is that niton is none too strong, and we want to concentrate-perhaps to augment-it as much as possible.
Some authorities are of opinion that natural waters are not sufficiently radio-active to be of much service therapeutically, but on this question of their potency there are very conflicting views, and Professor Farr, of New Zealand, in an interesting discussion on the effect of radio-active spring water on trout, refers to radium emanation as a gas which physically is a hundred thousand times mnore active than radium.
Hitherto, details of the effects of niton given off at the fountain head are not very numerous, notwithstanding the immense amount of research which has been made with regard to radium and artificially prepared radio-activity. It is urgent that those of us who have access to natural radio-active waters should fill up the deficiencies. Fortunately at Bath the waters are sufficiently charged with niton for all purposes, and may be considered saturated, and we have 500,000 gallons coming up daily at a temperature of 118°F. There is also available more than 5,000 litres of gas.
Has the presence of niton any subtle action on the salts of magnesium, sodium, lime, and so on, which are found in indifferent waters, rendering them more absorbable or potent when brought into contact with mucous membrane? The free absorption of radio-activity by mucous membranes and by the lungs will probably alter our treatment by those routes, and we shall in the future rely upon them much more.
Inhalations will be more frequent, and drinking more resorted to, for longer time and in greater quantity. The same, too, will apply to vaginal and rectal douching. This latter, the so-called Plombieres method, is very popular at the present time at certain spas. Certainly, its effect in suitable cases is very striking. It is also almost certain that the future will see a great increase in the combined use of electricity and radio-active waters.
Sir William Ramsay, in his most lucid and able report, from which I have already quoted, referring to the ingenious spraying machine invented by Mr. Jones, the engineer to the bathing establishment of Bath, for use in throat and eye affections, suggests that the natural gas should be used instead of the mineral water. If this were adopted-and I have no doubt it will be-Ramsay is of opinion that " an agent nearly twenty times as potent would be available." He also thinks that in a similar way niton might be applied directly in the treatment of local rheumatism, especially if the patient were insulated and connected with the negative pole of a battery. In this report he further outlines a method by which the intake of niton could be very much increased by giving electric baths with a continuous current. "If," he says, " the patient in the electric bath were connected with the negative pole of a battery giving, say, 100 volts potential, or even more, and the other electrode were placed in the water, of course not in contact with the bather, the niton would rapidly reach the skin." It is, indeed, not unlikely that it would enter the system by so-called ionization, and in this way a considerable dose might be given.
In the estimation of the value of natural water it is necessary to estimate the degree of its radio-activity, the contained volume of gas, and the amount of helium. Although helium is therapeutically useless, nevertheless its presence is an indication that we are dealing with a radio-active water. At the King's Well at Bath Lord Rayleigh found that there were 12 volumes of helium in 10,000 of the water, and some of the foreign mineral waters have been examined by Ramsay and others. Ramsay has found it impossible to compare these amounts with statements of the radio-activity of foreign waters, for the latter are stated in uncertain units and could only be determined in the special apparatus employed by the foreign scientists.
No introduction to a discussion on the subject we are joining in to-night would be complete without some reference to the valuable work of Professor His. He administers niton by means of a portable apparatus, and supplements its effects in certain cases of rheumatism by an injection of an insoluble, or repeated injections of a soluble, salt of radium in the immediate neighbourhood of the affected joints. His's article on the treatment of gout and rheumatism in the British Medical Journal' unfortunately lacks full details of the exact method of the administration of niton. He tells us that under its influence the blood loses its uric acid within a few weeks, but the way, the time, and the dose are somewhat vague. What we require as practical balneologists is to learn how we can best utilize the niton for the benefit of our patients. It seems probable that radium emanations have a specific action on gout, and it is in cases of this disease that we may expect some of our greatest successes.
In an article by W. H. B. Aikins and F. C. Harrison, published in the Canadian Practitioner and Reviewl last August, on the "Present Status of Radium-therapy," the results in general are summarized as follows: (1) Greatly increased diuresis and excretion of uric acid; (2) largely increased carbonic acid exhalation, from 20 to 60 per cent.;
(3) lowered blood-pressure, especially in arterio-sclerosis; (4) decreased blood viscosity; (5) great improvement of gastric and duodenal digestion; (6) marked solvent action on gouty deposits; (7) the dislocation of uric acid and its salts into carbon dioxide and ammonia; (8) inhibition of inflammation and relief of pains in rheumatism; (9) increase of sexual vitality; (10) considerable influence over sympathetic nerve affections; and (11) marked results in diabetes, albuminuria, and glycosuria. All of these results I am able to confirm from personal observation in Bath, and I would add the rapid disappearance of indican from the urine.
A good deal of further work on the subject comes from Germany. It seems that the Kreuznach waters are highly radio-active and the local physicians have been studying the results of their applications in various conditions. Substantially their conclusions coincide with those just quoted, but some further information in the matter of contraindications and best form of administering the emanations is now available. So far as contra-indications are concerned, they do not at present appear to be very definite, but there are observations enough to warn us that they certainly exist, and that, to say the least, some cases demand very great caution in the application of the remedy. Thus Meternitzky, of Kreuznach, says that he has found application of radium emanation to cause not only subjective symptoms, such as dizziness, fullness of the head, faintness, pains in the joints, but also objective phenomena, such as emaciation, albuminuria, and even hEematuria. This, as coming from a physician practising at Kreuznach, would be a very valuable testimony even if it stood alone. But it does not. Several others who have studied the question, notably Davidsohn, working with an artificial radium-producer, and not with mineral waters, found that rheumatic and gouty patients after radium treatment experience violent pains in the joints and aggravation of other symptoms. This is particularly interesting to balneologists as affording an explanation of what we are ' Canadian Practitioner and Review, 1911, xxxvi, pp. 465-79. all so familiar with-namely, an acute exacerbation of gout soon after treatment has commenced. Other observers have described considerable rises of temperature, haemorrhages from the mucous surfaces, and the like. It would be interesting to me personally to find any confirmation from other radio-active spas of the experience of everyone who has ever practised at Bath, to the effect that both baths and waters are definitely contra-indicated in a case where there is any suspicion of tuberculosis. Ld5wenthal considers that chronic nephritis, particularly of the contracting kind, affords a definite contra-indication for treatment. It is probable that at least some of the accidents and inconveniences which have been described as resulting from treatment by radium have been due to the ignorance under which we still labour on the subject of doses. I may say here that a serious disadvantage to radium research and the application of radium is the absence of a general uniform standard of measurement. Neither the counting by Volt unit nor that by Mache unit is uniform in itself, as these units differ according to the different apparatus used. At the suggestion of L6wenthal the Radiological Congress at the Brussels meeting last year appointed a committee which accepted as unit the action of 1 grm. of radium. It is hoped that this proposed Curie unit will bring order into the present confusion.
Concerning the method of administering radium, the German authorities do not agree with the views of those who attach a subsidiary importance to the balneary treatment. Thus Kemen says: "In the bathing method a certain part of the emanation passes through the skin into the blood, as was conclusively proved by Engelmann. It is also well known that during the bath the emanations readily find their way into the pulmonic circulation. Yet the bath appears to have a third mode of action in addition to these two; for, on the one hand, the fact of a very marked imrprovement, subjective and objective, is well known, yet on the other the quantities of radium available by the pulmonary and cutaneous routes are much too small to account for the results."
What this third mode of action may be it is impossible to say at present; but we should do well to bear this view in mind lest in our enthusiasm for drinking and inhalation, the action of which we happen to understand, we be led into neglect of the time-honoured method of bathing, the detail of the action of which is still insusceptible of explanation. We should not reject it merely because we are unable to explain it. For we must remember that there is still a great deal about radio-activity and its therapeutic action which we are unable to explain. We cannot explain, for example, by what processes it produces its therapeutic effect. If we may rely upon the work of German authorities its action is in no sense bactericidal. We know further that it stimulates metabolism, but by what process it achieves this is not clear. It may be, it is indeed probable, that the suggestion of Dr. Leonard Williams may yet prove to be correct and that the stimulation is effected by way of the internal secretory glands. The statement that radio-activity is not bactericidal is not universally accepted. Later investigations by Lazarus Barlow seem to show definitely that it is decidedly bactericidal. But whether this action is sufficiently intense in mineral waters, or even in the gas from such waters, to be of service has, as yet, not been proved. After all, this would seem to be a minor point, for as far as present knowledge goes it is improbable that bactericidal qualities, as we understand them, are the explanation of the benefit that is derived from mineral water treatment in such diseases as gout and fibrositis.
From my own personal experience I have little to add that is of value. It seems that we balneologists are like the man in Moliere's play who was delighted to find that he had been talking prose all his life. We in Bath and elsewhere have been using radium all our medical lives, and we are proportionately uplifted. But we cannot say which of our results have been due to the radio-activity of the waters and which may be accounted for by the douching, massage, and other measures upon which we have so long relied. Nevertheless, I should like to confirm from my own observation some of the clinical results that have been reported by certain observers.
The experiments by Wickham and others. show that radium is destructive to the gonococcus, whilst the literature of gonorrhceal arthritis shows that the cure of this disease is usually tedious and tiresome by medical means. Nevertheless, some of our greatest successes in Bath have been with patients suffering from it. I have always, in addition to the mineral water, given them iodide of potassium, and it is a significant fact that the salts of potassium are radio-active, giving off beta rays, that is the valuable ones in the medical uses of radium. It may be that the action of potassium in gout and fibrositis is due to radioactivity, and that metabolism under its influence is stimulated.
In connexion with gonorrhceal arthritis it is interesting to note how remarkably well cases of iritis do with mineral water treatment. We have patients sent to us with recurrent iritis who rapidly improve and, what is still more important, do not usually relapse. Mr. W. M. Beaumont, who has seen a considerable number of these cases, doubts the very existence of rheumatic iritis at all, and believes the cases we see in Bath are' almost entirely gonorrhceal, and that those which are not are due to some other form of toxaemia.
Experiments by Wickham and Degrais show that radium is not, strictly speaking, bactericidal, but that it so modifies the culture medium as to make it inimical to the growth of the gonococcus. They are of opinion that one-millionth part of pure radium in water will act on the cultures. If these views are corroborated it is probable that in the near future the whole treatment of gonorrhoea and its sequelae will be revolutionized. Gonorrhoeal ophthalmia at once strikes one as a disease in which sonme confirmation of these hopes should be sought for.
During the last few weeks I have been treating an old lady, aged 75, suffering from a long-standing atrophic scirrhus of the left breast by exposing it to the gas from the Bath springs. The ulcerated surfaces were exposed for ten minutes daily, and after twelve applications all the ulcers had healed and some of the surrounding induration had disappeared. This is the first case, I believe, of malignant disease in which the gas has been used in this way. A single case is, of course, of no very great value, nevertheless it encourages us to repeat the experiment, let us hope with equal success.
I have here a radiograph taken at the Bath spring which may be of interest. I also show you two glasses, one that has been in use for several months and the other for five weeks, which demonstrate the staining effect of radium. You will notice in the fractured specimen that the staining has gone quite through the glass, which would not have been the case if it had been caused by iron. Furthermore, I have Sir William Ramsay's authority for stating that this discoloration could only have been produced by radium. I must not take up any more time with vague thoughts and random speculations regarding a subject the importance of which we probably have not yet fully grasped. The discovery of radium with its farreaching effects on every part of the human economy has altered our views fundamentally with respect to balneological treatment. A more scientific era has dawned. Time was when a suspicion of a man's professional integrity was raised if he called himself a balneologist; but now, instead of groping in the shades of night, our landscape is illumined by the sunshine of science, and we march along with firmer footsteps and with head erect. And as old ideas go the way of all things human, our grouping of springs into saline and chalybeate, into purgative and alkaline, and so on, must now be amended to include those which are radio-active. Let us hope that any new classification will rid us for ever of the somewhat sinister name of "indifferent waters," for they are no longer indifferent.
One final word more with regard to radium. Many of us believe that in this element we have the explanation of the therapeutical effects of mineral water, but beyond a declaration of our faith we dare not at present go. It is a postulation that would explain the accumulated evidences of the ages. Every bio-chemical fact concerning it dovetails with the clinical effects of its application. Is it, then, any wonder that we balneologists regard radio-activity as the unknown god, and the blind worship of ages and the empirical faith of centuries as justified? To us the unknown god and his shrine are alike worthy of our homage.
DISCUSSION.
The PRESIDENT (Mr. G. H. Thompson) said that he had listened to Mr. Pagan Lowe's paper with very great interest, coming as he did from a place like Buxton, where it was claimed that the waters were likewise radio-active, although hitherto they had been classified as indifferent. The subject was an all-absorbing one. This particular department of medicine had by many been relegated to that nebulous atmosphere which borders on the realms of quackery. Now, however, balneology could claim a scientific basis for its practice. We must remember that the profession was at present merely on the threshold of inquiry with regard to radio-activity, and under that term he included all its various forms and manifestations. It must not be forgotten that waters like those of Bath and Buxton had definite medicinal properties of a curative nature when properly administered. For instance, in the Buxton Devonshire Hospital, which was practically a national hospital, through which there passed three to four thousand cases every year, coming from all parts of Great Britain, this curative power had reached the high average (extending over many years) of 88 per cent. It was therefore very important to have some exactitude of dose. In terms of radio-activity this would be a matter of time. In cases of gout the clinical manifestations on using the waters were similar to those described by Professor His on administration of the emanation, which proved a powerful solvent of uric acid in the blood, and it was possible by an estimation of the blood before and after the administration of the waters, in cases of gout, that similar results would be obtained. With
